Background: Accurate assessment of working length determines the success and prognosis of an endodontic treatment outcome. Various methods are used in determining the working length.
INTRODUCTION
Insufficient cleaning of the canal or damaging of periapical tissues from overinstrumentation is a possibility when accurate working length is not determined. 1, 2 The cementodentinal junction (CDJ) which is also described as the apical constriction is the anatomical and histological landmark where the periodontal ligament begins and the pulp ends. 1, 2 Hence, prognosis of endodontic treatment is mainly dependent on proper establishment of working length and comprehensive obturation of canals. Root canal preparation techniques aim to end the biomechanical instrumentation at the apical constriction. 3 Majority of studies conclude that optimal rates of healing occur when instrumentation, debridement, disinfection and filling are contained within the region of apical constriction. 1 The location of the apical constriction and CDJ cannot be identified clinically.
1,2 Hence, a lot of variation in different roots and its relationship to the CDJ is observed.
Traditional methods for establishing working length include the use of radiography, 2, 4 anatomical averages and knowledge of anatomy, 5, 6 tactile sensation and moisture on a paper point. All of these methods have limitations. 7 Therefore, these methods for root canal measurement do not allow precise localization of apical constriction and CDJ.
Sunada in 1962 introduced the principle of the 'biological characteristics theory' into clinical practice, stating that the EALs could read the apex by measuring the differences of electrical resistance values between the periodontal ligament and the oral mucosa. Lee et al (2002) reported in their study that most of the file tips ended at the major foramen regardless of the existence of a detectable CDJ suggesting that the major foramen was more reproducible compared with the CDJ for accuracy studies.
Since we could not find any apparent literature comparing standardized periapical radiographic techniques with apex locator for endodontic working length estimation utilizing the coronal reference point and major apical foramen we made an attempt to clarify it.
MATERIALS AND METHODS
An ex vivo study was conducted on a total of 20 singlerooted premolars going to be extracted due to periodontal problems. Patients were randomly selected and divided into two equal groups of 10 patients each whose canal lengths were determined. In one group radiographic method of working length and in another group apex locator was used. Permission from the ethical committee was taken and patient consent was also obtained before conducting a study. Fully erupted nonrestored single canal premolars, radiographically visible canal having fully formed root apices with no apical resorption, absence of severe curvatures and adequate tooth structure only were included in the study.
Teeth with open apices, cracks and root fracture, anatomical variations, severe curvatures, calcifications and narrow pulp space were excluded. All teeth were performed for standardized procedures for access opening. For fixed reference points all cusps were flattened with tapered diamond bur.
Determination of working length by root ZX apex locator: A total of 10 premolars working length were determined by root ZX apex locator. The file was penetrated slowly into the canal until the apex locator indicated flashing bar at the 'APEX' (Fig. 1) .
Determination of Working Length by Radiographic Method
The radiographic determination point for each canal was determined with standardized radiograph technique using extension cone paralleling (XCP) device and placement of k-file in the canal (Fig. 2) .
After determination of working length by both the techniques silicon stopper on the inserted file was then set to the flat buccal cusp tip and the file was cemented in place with glass ionomer cement (Ketac-fil; ESPE, Norristown, PA). After the cement was completely set, the file handles were removed using tapered fissure burs. The rubber stoppers were removed and the teeth were extracted (Fig. 3) . 
Stereomicroscopic Assessment of Working Length
All extracted teeth from both the groups were cleaned of residual soft tissues. The buccal wall of the roots at its apical 4 to 5 mm of all roots were trimmed with fine stones and sof-lex (3M ESPE dental products, St Paul, MN) discs to gradually expose the inserted files, taking care not to disturb the apical anatomy (Fig. 4) . The exposed file tip in relation to the apical root anatomy was examined under stereomicroscope (Motis 40 x) and the pictures were captured by using digital camera connected to the personal computer. Measurements were done with image analysis software (Image J, 1.41; NH, Bethesda, MD) and its distance to the apical foramen was measured to the nearest hundredth of millimeter.
Statistical Analysis

SPSS 16.0 version software was used for statistical analysis.
A confidence interval of 95% and a significance level of 5% were set. Mean value, standard deviation of both the techniques were determined. t-test was used to determine statistical significance between both the techniques. A two tailed t-test was used to determine statistical significance among the samples in each group for both the techniques.
RESULTS
A mean value of 0.5430 ± 0.5741 mm was observed among radiographic technique (Table 1) . A mean value of 0.4240 ± 0.4587 mm was observed among apex locator technique (Table 2) . t-test revealed, no significant difference between the two techniques was observed (p = 0.615).
'Two tailed' t-test revealed intragroup significance among both techniques for determining the working length (Table 3) .
DISCUSSION
Determination of working length is crucial for treatment and prognosis for an endodontic treatment. The distance between coronal reference point and apical constriction represents the working length of individual teeth. Earlier studies revealed numerous inconsistencies and variations with regard to the apical constriction and coronal reference point and their inter-relationship. The apical foramen is a more reliable apical reference point in determining WL. [8] [9] [10] [11] The highest point on the cusp tip represents coronal reference point. Probability of slippage of silicon rubber stop on cusp tip was observed to be more. Since variation was observed in recording of apical constriction and coronal reference point we modified our study by taking alternative land marks. The major apical foramen instead of apical constriction and coronal reference point was recorded after flattening the cusp tip, so that a stable reference is obtained was used as reference points to determine the working length. Radiographic and apex locator techniques are the most commonly used techniques to determine the working length.
Determining the apical foramen as the reference point gives more consistency than the apical constriction or radiographic apex. The use of the major foramen is more reproducible for accuracy studies. The radiographic method (RM) is probably still the most widely used method for determining WL. It reveals many important details and is useful in every endodontic procedure. However, it also has limitations and often provides an illusory image.
The location of the apical constriction and CDJ cannot be identified clinically. 1, 6, 12 Hence, stereomicroscope was used to determine accurate measurement between the apical foramen and tip of the file. The mean value of the distance from apical foramen and tip of the file with respect to apex locator was less in comparison to radiographic technique. This observation revealed that the working length determined by the apex locator was more nearer to the apical foramen than that of radiographic technique as observed in Tables 1 and 2 . Probable reasons for such an observation could be associated Two tailed t-test revealed intragroup significance among both techniques for determining the working length (Table 3) . Since the same tooth was not employed for both the techniques of working length determination could be the reason for such an observation. However, a further study incorporating a larger sample size and utilization of both techniques of working length determination on the same tooth has to be conducted.
CONCLUSION
The distance of the apical foramen to the tip of the file: A mean value of 0.4240 ± 0.4587 mm with apex locator technique was observed. Working length of apex locator was more in comparison to radiographic technique. No significant difference between the two techniques was observed (p = 0.615). Intragroup significance among both techniques for determining the working length was also observed. However, a further study incorporating a larger sample size and utilization of both techniques of working length determination on the same tooth has to be conducted.
CLINICAL SIGNIFICANCE
Combining the apex locator technique and radiographic technique for determination of working length would yield more accurate working length.
